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CONTROLLING FUEL INJECTION IN AN
INTERNAL COMBUSTION ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Stage Application of
International Application No. PCT/EP2017/052882 filed

Feb. 9, 2017, which designates the United States of America,
and claims priority to DE Application No. 10 2016 203
433.2 filed Mar. 2, 2016, the contents of which are hereby

incorporated by reference in their entirety.

TECHNICAL FIELD

The present disclosure relates to internal combustion
engines. Various embodiments may include a method for
controlling fuel imjection mnto a combustion chamber of a
cylinder of an internal combustion engine.

BACKGROUND

With the increasing stringency of legal requirements with
regard to emissions of limited pollutants, it 1s necessary for
the fuel to be mtroduced exactly at the correct time and in
the 1deal manner 1into the combustion chamber. DE 10 2006
010 094 A1l discloses a method for temperature determina-
tion 1n the exhaust system of an internal combustion engine
having a control device, wherein, on the basis of at least one
operating variable, a temperature or a temperature profile of
an exhaust gas 1n the exhaust system 1s calculated from an
energy balance.

DE 10 2008 020 933 B4 discloses a method for checking
the plausibility of a temperature measurement 1n an nternal
combustion engine. DE 44 33 631 Al discloses a method for
forming a signal relating to a temperature in the exhaust
system of an internal combustion engine. With the method,
it 1s for example possible for a signal for the exhaust
temperature upstream of the catalytic converter, or for a
signal for the temperature in the catalytic converter or a
signal for the temperature downstream of the catalytic
converter, to be formed.

DE 10 2007 006 341 Al discloses a method for control-
ling an internal combustion engine 1n motor vehicles, with
determination of various setting parameters by means of an
clectronic control unit in a manner dependent on operating
parameters, wherein the setting parameter 1s formed from a
base value and at least one corrective value, and a corrective
value 1s determined in a manner dependent on an estimated
combustion chamber wall temperature.

SUMMARY

The teachings of the present disclosure may provide a
reduction 1n emissions. For example, some embodiments
may 1nclude a method for ascertaining an 1njection mode for
the mjection of a fuel into a combustion chamber of a
cylinder of an internal combustion engine, 1n which method
a speed (N) of the internal combustion engine 1s ascertained,
a cylinder wall temperature (Z71) of the cylinder 1s ascer-
tained, and the injection mode 1s ascertained 1n a manner
dependent on the speed (N) and the cylinder wall tempera-
ture (ZT).

In some embodiments, a piston crown temperature of the
cylinder 1s ascertained, and the 1injection mode 1s ascertained
in a manner dependent on the piston crown temperature.
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2

In some embodiments, a speed threshold value 1s pre-
defined, and the injection mode 1s ascertained 1n a manner
dependent on a comparison of the speed (N) with the speed
threshold value.

In some embodiments, 1f the speed threshold value 1s
undershot, a first injection mode (EM1) 1s selected, and 11 the
speed threshold value 1s overshot, a second 1njection mode
(EM2) 1s selected.

In some embodiments, a cylinder wall temperature thresh-
old value 1s predefined, and the 1njection mode 1s ascertained
in a manner dependent on a comparison of the cylinder wall
temperature (1) with the cylinder wall temperature thresh-
old value.

In some embodiments, 11 the cylinder wall temperature
threshold value 1s undershot, a first injection mode (EM1) 1s
selected, and if the cylinder wall temperature threshold value
1s overshot, a second injection mode (EM2) 1s selected.

In some embodiments, the first injection mode (EM1) 1s
representative of a multiple mjection, and the second 1njec-
tion mode (EM2) 1s representative of a single injection.

In some embodiments, the cylinder wall temperature (Z71)
1s ascertained by means of a predefined cylinder wall
temperature model.

In some embodiments, the cylinder wall temperature
model 1s a thermodynamic temperature model.

In some embodiments, the ascertained cylinder wall tem-
perature (Z'1) 1s representative of a dynamic cylinder wall
temperature which 1s ascertained in a manner dependent on
a steady-state cylinder wall temperature.

In some embodiments, the cylinder wall temperature (Z1)
1s ascertamned in a manner dependent on an ascertained
cylinder pressure, an ascertained swept volume of the cyl-
inder, an ascertained air mass and an ascertained indicated
engine torque.

In some embodiments, the cylinder wall temperature (Z1)
1s ascertamned in a manner dependent on an ascertained
exhaust-gas temperature.

In some embodiments, the cylinder wall temperature
model comprises the modular intermediate variables of
mean gas temperature i the cylinder chamber, indicated
mean pressure of the cylinder, heat transfer coeflicient in the
combustion chamber, and steady-state cylinder wall tem-
perature.

As another example, some embodiments may 1nclude an
apparatus for ascertaining an injection mode for the 1njection
of a fuel mto a combustion chamber of a cylinder of an
internal combustion engine, wherein the apparatus 1is
designed to carry out a method as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the teachings herein are
explained in more detail below by means of the schematic
drawings. In the drawings:

FIG. 1 shows a tlow diagram relating to the ascertainment
of an injection mode, according to the teachings of the
present disclosure;

FIG. 2 shows a diagram relating to the selection of the
injection mode, according to the teachings of the present
disclosure; and

FIG. 3 shows a graph with values of ascertained cylinder
wall temperatures, according to the teachings of the present
disclosure.

Elements of the same design or function are denoted by

the same reference designations throughout the figures.

DETAILED DESCRIPTION

Various embodiments may include a method for ascer-
taining an injection mode for the injection of a fuel 1nto a
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combustion chamber of a cylinder of an internal combustion
engine. Some embodiments may include an apparatus for
ascertaining an injection mode for the mjection of a fuel into
a combustion chamber of a cylinder of an internal combus-
tion engine.

In some embodiments, a speed of the internal combustion
engine 1s ascertained. A cylinder wall temperature of the
cylinder 1s ascertained. The 1injection mode 1s ascertained 1n
a manner dependent on the speed and the cylinder wall
temperature. Subsequently, the injection mode can be set.
Here, the mnjection mode refers to the type of injection. Such
injection modes are for example a multiple injection or a
single 1njection. The multiple jection 1s for example a
double 1injection or a triple injection. Further injection
modes are for example a stratified 1injection for a compres-
sion stroke, an intake pipe 1njection, or a direct injection.

If the mjection mode 1s determined only by parameters
such as speed, then this parameter 1s applicable only to
certain combustion chamber temperatures. In the event of a
change 1n the temperature, 1t 1s for example the case that the
vaporization behavior of the fuel changes, and mcomplete
combustion occurs. The result 1s an exceedance of the
particle limit values. Alternatively, the 1njection mode can be
ascertained in a manner dependent on a coolant temperature.
Said temperature however does not constitute the reference
variable that 1s relevant in the combustion chamber. In
particular, modern vehicles have thermal management. The
coolant temperature thus only provides limited information
about the temperature 1n the combustion chamber.

By means of the above method, it 1s possible, through the
use of the cylinder wall temperature, to achieve an improve-
ment 1 emissions, 1n particular a reduction 1n the particle
count and particle size, 1n particular 1 relation to an
ascertainment 1 a manner dependent on the coolant tem-
perature.

In some embodiments, a piston crown temperature of the
cylinder 1s ascertained, and the 1injection mode 1s ascertained
in a manner dependent on the piston crown temperature. The
piston crown temperature can be ascertained for example by
means ol a suitable model.

In some embodiments, a speed threshold value 1s pre-
defined, and the injection mode 1s ascertained in a manner
dependent on a comparison of the speed with the speed
threshold value. In some embodiments, the 1njection mode 1s
selected based on a threshold value. For example, 1f the
speed threshold value 1s undershot, a first injection mode 1s
selected, and if the speed threshold value 1s overshot, a
second 1njection mode 1s selected. In this way, a switch
between two 1njection modes 1s possible 1 a very simple
manner. In some embodiments, further speed threshold
values may be used in order to switch between more than
two 1njection modes.

In some embodiments, a cylinder wall temperature thresh-
old value 1s predefined, and the mjection mode 1s ascertained
in a manner dependent on a comparison of the cylinder wall
temperature with the cylinder wall temperature threshold
value. A very simple ascertainment of the injection mode 1s
possible by means of a threshold value. For example, 1f the
cylinder wall temperature threshold value 1s undershot, a
first 1njection mode 1s selected, and 11 the cylinder wall
temperature threshold value 1s overshot, a second injection
mode 1s selected.

In this way, a switch between two 1njection modes 1s
possible 1n a very simple manner. It 1s optionally also
possible for further cylinder wall temperature threshold
values to be used 1n order to switch between more than two
injection modes.
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The selection of the first or second injection mode may
alternatively or additionally take place 1n a manner depen-
dent on further conditions, such as for example stability
conditions and/or a hysteresis.

In some embodiments, the first injection mode 1s repre-
sentative of a multiple imjection, and the second 1njection
mode 1s representative of a single mjection. Specifically in
the event of a load alteration, a switch from a single injection
to a multiple 1njection, 1n particular to a double 1njection, 1s
advantageous 1n order to reduce emissions.

In some embodiments, the cylinder wall temperature 1s
ascertained by means of a predefined cylinder wall tempera-
ture model. In this way, no reference sensor 1s needed.
Through the use of a cylinder wall temperature model, the
real cylinder wall temperature can be replicated very exactly.

In some embodiments, the cylinder wall temperature
model 1s a thermodynamic temperature model. Specifically
with a thermodynamic model which 1s based for example on
the first law of thermodynamics, the real cylinder wall
temperature can be replicated very exactly.

In some embodiments, the ascertained cylinder wall tem-
perature 1s representative of a dynamic cylinder wall tem-
perature which 1s ascertained 1n a manner dependent on a
steady-state cylinder wall temperature. Through the ascer-
tainment of a dynamic cylinder wall temperature, the ther-
mal 1nertia of the cylinder head and of the engine block can
be taken 1nto consideration, such that the real cylinder wall
temperature can be replicated very exactly.

In some embodiments, the cylinder wall temperature 1s
ascertained 1 a manner dependent on an ascertained cylin-
der pressure, an ascertained swept volume of the cylinder, an
ascertained air mass and an ascertained indicated engine
torque. These variables, that 1s to say the cylinder pressure,
the swept volume of the cylinder, the air mass and the
indicated engine torque, can be very easily determined by
means ol normally already existing sensor arrangements
and/or by means of engine data, such that, in this way, the
cylinder wall temperature can be realized very easily and
inexpensively.

In some embodiments, the cylinder wall temperature 1s
ascertained in a manner dependent on an ascertained
exhaust-gas temperature. Through the ascertainment in a
manner dependent on an ascertained exhaust-gas tempera-
ture, the cylinder wall temperature can be determined very
exactly. In some embodiments, the cylinder wall tempera-
ture may also be ascertained independently of the exhaust-
gas temperature, that 1s to say the exhaust-gas temperature
1s not necessary for the determination of the cylinder wall
temperature. It 1s thus also the case that no exact modeling
of the exhaust-gas temperature, or an exhaust-gas tempera-
ture sensor, 1s needed.

In some embodiments, the cylinder wall temperature
model comprises the modular intermediate variables of
mean gas temperature i the cylinder chamber, indicated
mean pressure of the cylinder, heat transfer coeflicient in the
combustion chamber, and steady-state cylinder wall tem-
perature. Such a cylinder wall temperature model provides
modular physical modeling. It 1s thus possible for interme-
diate variables to be determined 1n a component-dependent
manner. This permits straightforward calibration of the
cylinder wall temperature, because no multi-dimensional
dependencies have to be determined 1n characteristic maps
for the ascertainment of the cylinder wall temperature.

FIG. 1 shows a flow diagram of a program for ascertain-
ing an injection mode. The program may be executed for
example by a control apparatus 50. For this purpose, the
control apparatus 30 has, 1n particular, a processing unit, a
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program and data memory and, for example, one or more
communication interfaces. The program and data memory
and/or the processing unit and/or the communication inter-
faces may be formed 1n a single module and/or may be
distributed between several modules. For this purpose, the
program, 1n particular, 1s stored in the data and program
memory of the control apparatus 50. The control apparatus
50 may also be referred to as an apparatus for ascertaining
an 1njection mode for the injection of a fuel mto a combus-
tion chamber of a cylinder of an 1nternal combustion engine.

In a step S1, the program 1s started, and variables are
mitialized as necessary. In a step S3, a speed N of the
internal combustion engine 1s ascertained. In a step S5, a
cylinder wall temperature Z'T of the cylinder 1s ascertained.

In a step S7, the 1njection mode 1s ascertained 1n a manner
dependent on the speed N and the cylinder wall temperature
ZT. In a step S9, the program 1s ended, and may be started
again in the step S1 as necessary. Alternatively, the program
1s continued further 1n the step S3, and 1s not ended.

FI1G. 2 shows a diagram of an exemplary ascertainment of
the 1njection mode, thus in particular of the step S7. For
example, a speed threshold value 1s predefined, and, if the
speed threshold value 1s undershot, a first imnjection mode
EML1 1s selected, and 11 the speed threshold value 1s overshot,
a second 1njection mode EM2 1s selected.

In some embodiments, a cylinder wall temperature thresh-
old value 1s predefined, and, if the cylinder wall temperature
threshold value 1s undershot, the first injection mode EM1 1s
selected, and if the cylinder wall temperature threshold value
1s overshot, the second 1njection mode EM2 1s selected. In
some embodiments, 1n each case yet further threshold values
may be predefined 1n order to select between more than 2
injection modes. The selection of the first or second 1njection
mode EM1, EM2 may alternatively or additionally take
place 1n a manner dependent on further conditions, such as
for example stability conditions and/or a hysteresis.

The first injection mode EM1 1s for example representa-
tive of a multiple injection, and the second injection mode
EM2 1s representative ol a single injection. The multiple
injection 1s for example a double 1njection or a triple
injection. Alternatively, the first injection mode EM1 or the
second 1njection mode EM2 1s a stratified injection for a
compression stroke, an intake pipe injection or a direct
injection.

The cylinder wall temperature Z'1 1s ascertained for
example by means of a predefined cylinder wall temperature
model. For the ascertainment of the cylinder wall tempera-
ture model, 1t 1s for example possible for the first law of
thermodynamics to be applied:

dlU deue.{ de dwr dHimer dHE’IhGHSI‘
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the technical work
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As a simplification, this energy balance can be converted
for example into a balance of the heat flows. Here, the
relationship between the convective heat flow to the cylinder
wall temperature, the heat flow transported through the
cylinder wall by heat conduction and 1n turn the heat tflow
transmitted by convection to the coolant 1s established:

Acw
g -Ag-(Tg—Tew) = - Acw - (Tew — Tew,coot) + Mgy Coyr -
CW

dr

QX coolant * Amﬂ! ] (TCW,:::DG! - Tmﬂi)-

Here, the following abbreviations are used:

O.. mean heat transier coeflicient of the gas side,

A ellective heat flow cross section of the gas side,

T ~: mean temperature of the gas side (cylinder chamber),

A~ thermal conductivity of the combustion chamber wall,

s+ (eflective) thickness of the combustion chamber wall,

A, effective heat flow cross section of the cylinder wall,

T+ mean cylinder wall temperature of the combustion
chamber side,

T e coors mean cylinder wall temperature ot the coolant side,

e

a . heat transfer coethicient of the coolant,

coolant

e

A_ ;. ellective area of the coolant side,

T ., coolant temperature,

M., eftective mass of the cylinder,
C.,s+ specitic heat capacity of the cylinder.

From this, a calculation model for the steady-state situa-
tion can be derived, which model 1s composed 1n principle
of three parts. The first part 1s the determination of the
gas-side model parameters. The third part 1s concerned with
calculations from the thermal management. In the second
part, said calculations are brought together by means of the
calculation of the wall transitions.
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The mean gas temperature T can be calculated with the
knowledge of the cylinder pressure P_,, the swept volume

V. the air mass MAF and the gas constant R:

P cvl V-::y.!

= 'ﬂl'l-Tj
MAF-R

TG .

Here, the inlet temperature T, must be taken into con-
sideration. The parameters al and a2 must be empirically
determined. Optionally, the exhaust-gas temperature may
also be mcorporated 1n weighted form into the equation by
means of the parameter a3. The gas temperature may also be
corrected using the lambda value, because the combustion
temperature 1s relatively cool at lambda values < >1.

The indicated mean pressure P_ ; 1s calculated using the
indicated engine torque TQI and the swept volume V_;

4.7-TOI
V-::y.f .

cyl —

e

The calculation of the heat transfer coetlicient o 1n the
combustion chamber may, according to Woschni, be deter-
mined as follows:

EIG=130'B_D'2 'Pcyfﬂ's 'TG_DjB'"'*’GD'S-

The speed of the charge movement i1s, 1n the first
approach, approximated on the basis of the piston speed. In
some embodiments, 1t 1s also possible for the charge move-
ment resulting from swirl, tumble etc. to be taken into
consideration. The thermal management of an internal com-

bustion engine 1s highly complex owing to a multiplicity of

hydraulic control elements (various pumps and switching
valves). It 1s thus advantageous to resort to simplified
models or estimations.

One approach 1s dimensional analysis, for example by
means of regression analysis on the basis of the Levenberg-
Marquardt algorithm. On the basis of this empirical
approach, the coolant speed and the kinematic viscosity can
be estimated. This dependency may be approximated as a
polynomial or as a characteristic map 1n the engine control-
ler. The Reynolds number Re, can subsequently be calcu-
lated from the internal diameter D, of the cooling channel

and the coolant speed v___, ., and the kinematic viscosity n.
The kinematic viscosity n 1s an expression for the internal

friction of a liquid. The kinematic viscosity 1s the quotient of

the dynamic viscosity and of the density of the liquid.

Di " Veoolant
il

REk =

The Prandtl number exhibits an intense temperature
dependency and may also be determined as a polynomial
expansion or with the aid of a characteristic map. From the
Prandtl number and the Reynolds number, the Nusselt
number can be ascertained.
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From the Nusselt number Nu___, . the thermal conduc-
tivity of the coolant A and the diameter of the cooling
channel D, the heat transfer coeflicient o can be
calculated

coolant

N'Hcoﬂkmr ) /15
D;

X coolant —

As a final step, from these intermediate variables, the

steady-state cylinder wall temperature T_; ., 1s determined

ag 1o+ U -Teoot,
e + U .

Tc:y.! Stat —

Here, U represents the substitute thermal conductivity
value

ag-(Tg — Tow),

T'ew — Teoon

{/ =

For the determination of the dynamic cylinder wall tem-
perature T _,, the thermal inertia of the cylinder head must
also be taken into consideration. Here, the parameter k 1s
ascertained from the eflective thermal mass of the cylinder
and the specific heat capacity

Tcyf:(Tcyf,srar_ Tcyf,afd').k+Tcyf,afd'

T.,;0:4 denotes in this case the dynamic cylinder tempera-
ture from a preceding calculation cycle.

FIG. 3 shows a graph with values of ascertained cylinder
wall temperatures Z1. The uppermost two lines are repre-
sentative of the (dynamic) cylinder wall temperature ZT
ascertained by means of the above cylinder wall model and
a reference temperature R1 ascertained by means of a sensor
arrangement. Here, the reference temperature RT 1s the line
with the more pronounced noise. The third line from the top
1s representative of the coolant temperature KT. The fourth
line from the top 1s representative of the torque M, and the
fifth line 1s representative of the speed N.

As can be seen 1 FIG. 3, the dynamic cylinder wall
temperature Z T follows the reference temperature RT 1n the
illustrated transient situation, whereas the coolant tempera-
ture KT falls only very slowly.

It 1s thus possible, through the use of the cylinder wall
temperature 71, to achieve an improvement 1n emissions in
particular with regard to the particle count and particle size,
in particular 1n relation to an ascertamnment 1n a manner
dependent on the coolant temperature KT. If the cylinder
wall temperature ZT 1s ascertained independently of the
exhaust-gas temperature, then no exact modeling of the
exhaust-gas temperature, or an exhaust-gas temperature
sensor, 1s needed. An advantage of the above-described
cylinder wall temperature model lies 1n the modular physical
modeling. It 1s thus possible for intermediate variables to be
determined 1in a component-dependent manner. This permits
straightforward calibration of the cylinder wall temperature
/T, because no multi-dimensional dependencies have to be
determined 1n characteristic maps for the ascertainment of
the cylinder wall temperature ZT.

In some embodiments, a piston crown temperature of the
cylinder may be ascertained, and the 1njection mode may be
ascertained 1 a manner dependent on the piston crown
temperature. The piston crown temperature may for example
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likewise, similarly to the cylinder wall temperature, be
ascertained by means of a suitable model. In particular, 1t 1s
thus optionally also possible, 1n a manner dependent on the
cylinder wall temperature and the piston crown temperature,
for an overall temperature value to be ascertained and
compared with a temperature threshold value, instead of the
comparison of the cylinder wall temperature with the cyl-
inder wall temperature threshold value.

LIST OF REFERENCE DESIGNATIONS

S1-59 Steps

50 Control apparatus

EM1 First injection mode
EM2 Second injection mode
KT Coolant temperature

M Torque

N Speed

RT Reference temperature
/T Cylinder wall temperature

What 1s claimed 1s:

1. A method for controlling an internal combustion
engine, the method comprising:

determining an engine speed of the internal combustion

engine;

calculating a cylinder wall temperature of a cylinder wall

of a combustion cylinder of the internal combustion

engine by a process mcluding:

calculating a cylinder gas temperature of the combus-
tion cylinder; and

calculating a cylinder wall temperature of the combus-
tion cylinder as a function of the calculated cylinder
gas temperature;

selecting an injection mode based at least i part on the

engine speed and the cylinder wall temperature; and
actuating a fuel injector associated with the combustion
cylinder based on the selected injection mode.

2. The method as claimed 1n claim 1, further comprising:

determining a piston crown temperature of the combus-

tion cylinder; and

selecting the injection mode based at least 1n part on the

engine speed, the cylinder wall temperature, and the
piston crown temperature.

3. The method as claimed 1n claim 1, wherein selecting
the 1njection mode includes comparing the determined
engine speed with a predetermined speed threshold value.

4. The method as claimed 1n claim 3, wherein selecting
the 1njection mode comprises:

if the engine speed 1s below the speed threshold value,

selecting a first injection mode; and

if the engine speed 1s above the speed threshold value,

selecting a second 1njection mode.

5. The method as claimed 1n claim 1, wherein selecting
the injection mode includes comparing the cylinder wall
temperature with a predetermined cylinder wall temperature
threshold value.

6. The method as claimed 1n claim 5, wherein selecting
the 1njection mode comprises:

if the cylinder wall temperature 1s below the cylinder wall

temperature threshold value, selecting a first injection
mode; and

if the cylinder wall temperature 1s above the cylinder wall

temperature threshold value, selecting a second 1njec-
tion mode.

10

15

20

25

30

35

40

45

50

55

60

65

10

7. The method as claimed in claim 1, wherein selecting
the 1njection mode based at least 1n part on the engine speed
and the cylinder wall temperature comprises selecting
between:

a first mjection mode that includes more than one 1njec-

tion per cycle; and

a second injection mode that includes only a single
injection per cycle.

8. The method as claimed 1n claim 1, wherein calculating,
the cylinder wall temperature includes using a predefined
cylinder wall temperature model.

9. The method as claimed in claim 8, wherein the cylinder
wall temperature model comprises a thermodynamic tem-
perature model.

10. The method as claimed 1in claim 8, wherein the
calculated cylinder wall temperature represents a dynamic
cylinder wall temperature based on a steady-state cylinder
wall temperature.

11. The method as claimed 1n claim 1, wherein calculating
the cylinder gas temperature comprises calculating the cyl-
inder gas temperature based on an ascertamned cylinder
pressure, an ascertaimned swept volume of the cylinder, an
ascertained air mass, and an ascertained indicated engine
torque.

12. The method as claimed in claim 1, wherein:

the cylinder gas temperature represents a temperature of
gas 1n the cylinder chamber; and

calculating the cylinder gas temperature comprises:
determining an exhaust-gas temperature, and
calculating the cylinder gas temperature as a function

of the determined exhaust-gas temperature.

13. The method as claimed 1n claim 1, wherein determin-
ing the cylinder wall temperature comprises:

calculating a mean pressure 1n the cylinder,

calculating the cylinder gas temperature based on the
calculated mean pressure 1n the cylinder,

calculating a steady-state cylinder wall temperature based
on a heat transfer coetlicient 1n the combustion cham-
ber and the cylinder gas temperature, and

calculating a dynamic cylinder wall temperature based on
the steady-state cylinder wall temperature.

14. The method as claimed in claim 1, comprising cal-
culating the cylinder wall temperature of the cylinder wall of
the combustion cylinder as a function of the calculated
cylinder gas temperature and a mean heat transier coetl-
cient.

15. The method as claimed 1n claim 1, wherein selecting
the injection mode based at least 1n part on the engine speed
and the cylinder wall temperature comprises:

comparing the engine speed with a predetermined speed
threshold value;

comparing the cylinder wall temperature to a cylinder
wall temperature threshold value;

11 (a) the engine speed 1s below the predetermined speed
threshold value and (b) the cylinder wall temperature 1s
below the cylinder wall temperature threshold value,
selecting a first injection mode; and

i1 either (a) the engine speed 1s above the predetermined
speed threshold value or (b) the cylinder wall tempera-
ture 1s above the cylinder wall temperature threshold
value, selecting a second 1njection mode.

16. An apparatus for controlling an internal combustion

engine, the apparatus comprising:

a processing unit;

a program;

a data memory; and

a communication interface:
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wherein the program, when executed by the processing
unit:

determines an engine speed of the internal combustion
engine;
calculates a cylinder wall temperature of a combustion >
cylinder of the internal combustion engine by an
algorithm 1ncluding:
calculating a cylinder gas temperature of the com-
bustion cylinder; and
calculating a cylinder wall temperature of a cylinder
wall of the combustion cylinder as a function of
the calculated cylinder gas temperature;
selects an 1njection mode based at least in part on the
engine speed and the cylinder wall temperature; and
actuates a fuel 1injector associated with the combustion
cylinder based on the selected injection mode.
17. The apparatus as claimed in claim 16, wherein select-
ing the mnjection mode based at least 1n part on the engine

speed and the cylinder wall temperature comprises selecting
between:
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a first injection mode that includes more than one injec-
tion per cycle; and

a second injection mode that includes only a single
injection per cycle.

18. The apparatus as claimed 1n claim 16, wherein select-
ing the mjection mode based at least 1n part on the engine
speed and the cylinder wall temperature comprises:

comparing the engine speed with a predetermined speed
threshold value;

comparing the cylinder wall temperature to a cylinder
wall temperature threshold value;

11 (a) the engine speed 1s below the predetermined speed
threshold value and (b) the cylinder wall temperature 1s
below the cylinder wall temperature threshold value,
selecting a first injection mode; and

i1 either (a) the engine speed 1s above the predetermined
speed threshold value or (b) the cylinder wall tempera-
ture 1s above the cylinder wall temperature threshold
value, selecting a second 1njection mode.

G o e = x
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